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ABSTRACT Duplex stainless steels (DSSs) are widely used for chemical industry, marine construction
and power plants, due to the beneficial combination of ferrite and austenite properties: high strength with
a desirable toughness and good corrosion resistance. The sympathetic nucleation (SN) of intragranular
austenite precipitates has been frequently observed in DSS. This type of nucleation, which occurs in a
considerable variety of steels and titanium alloys, has a great effect on the morphological arrangement of
precipitates and hence the mechanical properties of metallic materials. Therefore, understanding the SN
mechanism of austenite precipitates is essential to knowledge based material design of the microstruc-
ture in DSS. Three types of morphological arrangement, i.e., face-to-face, edge-to-edge and edge-to-face
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SN of austenite precipitates, have been identified in previous investigations on DSS. The adjacent grains
of face-to-face and edge-to-edge sympathetically nucleated austenite have approximately the identical
orientations, with a small-angle boundary between two austenite crystals. However, as regards to the
edge-to-face SN, the lacking of crystallographic features of adjacent austenite precipitates obstructs the
understanding of the mechanism for the edge-to-face SN. Moreover, it is usually difficult to distinguish be-
tween SN and hard impingement following nucleation at separate sites in conventional experimental ob-
servations. Thus, in the present work, the typical morphology of edge-to-face SN of austenite precipitates
was directly observed at 725 C in a DSS using in situ TEM. The orientation relationship (OR) between
the sympathetically nucleated austenite precipitate and ferrite matrix is determined through analysis of Ki-
kuchi lines. Since the long axes of austenite precipitates parallel to the invariant line are restricted in the
thin TEM foil, there are only four types of austenite with different near N-W ORs and cystallographically in-
equivalent long axes. This work reveals that the ORs of sympathetically nucleated austenite grains be-
long to different Bain groups with those of the pre-formed austenites. The explanation for the OR selec-
tion is provided based on two factors favoring SN, namely the reduction of elastic interaction strain ener-
gy and the interfacial energy. The local stress generated by the semi-coherent pre-formed austenite was
calculated by Eshelby inclusion method. The local stress field accompanying with the pre-formed austen-
ite assists the subsequent nucleation and growth of sympathetically nucleated austenite. It shows that the
elastic interaction energy for the sympathetically nucleated austenite of particular OR is negative. In addi-
tion, the pre-formed austenite and the sympathetically nucleated austenite grain are twin related. This in-
dicates that the nucleation barrier associated with SN of austenite with selected OR is comparably lower
than other candidates. Hence, the austenite precipitate with a specific OR is preferred during SN.

KEY WORDS in situ TEM, sympathetic nucleation, austenite precipitate, elastic interaction energy
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Table 1 The single-crystal elastic constants of austenite and fer-
rite phases used in the calculation®™

(GPa)
Phase C, C, C,
y 204.6 137.7 126.2
a 236.9 140.6 116.0

1 JERL TR B AR p, 75 516 3K B ER AR p, 458 >0 TR A% J KR B0 3005 A A 12
Fig.1 The snapshots of the initial growth of sympathetically nucleated austenite y, on the habit plane of pre-formed
austenite y, at 725 C using in situ TEM
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(b)=10s

(c)=T4s
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Fig.2 The morphology of sympathetically nucleated austenite y,(y,) and pre-formed austenite y,(y,) (2) and an enlarged micro-

graph showing the grain boundaries between y, and y, (b)

3 ME BLIRAK y, 5 BFARBR R AR AL 9% AR I P AR Kikuchi FEAF AR E
Fig.3 Kikuchi diffraction patterns for constructing the orientation matrix
(a) diffraction pattern of ferrite

(b) diffraction pattern of the austenite along the same direction as in Fig.3a
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Fig.4 The morphologies of y, (a, ¢) and Kikuchi diffraction patterns (b, d) for determining the long axis of y, along the beam
direction of [0.94 0.32 0.09], (a, b) and the beam direction of [1 11], (c, d)

5 U B AR, 15 >0 1T B 8 2R 44 Kikuchi FEAF f b5 €
Fig.5 The habit plane (HP) of y, viewed in an edge-on condition (a) and Kikuchi pattern of ferrite matrix (b)
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Table 2 Crystallographic features of sympathetically nucleated austenite y,(y,) and pre-formed austenite y,(y,)

Parameter 7 V> Vs Vs
OR (011),~//(111), (O11),~//(111), (0T1),~//(111), (0T1)y~//(111),
0.3° 0.2° 0.5° 0.2°
[100],~//[1T0], [100],~//[110], [100],~//[1T0], [100],~//[1T10],
1.6° 1.6° 0.7° 1.1°
Long axis [0.320.78 0.53], [0.26 0.53 0.81], [0.05 0.49 0.87], [0.22 0.82 0.53],
Habit plane (0.08 0.54 0.84), - (0.13 0.52 0.84),

(0.410.54 0.73),

- (0.370.56 0.74),

Note: OR —orientation relationship, ~//—near parallelism
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Table 3 Crystallographic features of O-line solution for austenite y, and y,

plane strain P,

B with the d, and m, for the macroscopic invariant

Parameter O-line solution for y, O-line solution for y,

X, [0.320.79 0.52], [0.21 0.83 0.52],
OR (111);~//(011),, 0.4° (111),~//(0T1),, 0.4°
[100],~//[110], 2.3° [100],~//[110], 1.5°

Habit plane (p,) (011 0.51 0.85), (0.07 0.52 0.85),

b [100],/[110], [100],/[110],
D/nm 2.2 2.2
d, [0.950.19 0.22], [0.98 0.13 0.15],
m, 1.1093 1.6621

Note: x,,—invariant line, b—Burgers vector of dislocations in the habit plane, D—the spacing of dislocations in the habit

plane, d,—shear direction in the long-range strain field, m,—shear magnitude in the long-range strain field
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Fig.7 Configuration of austenite and ferrite matrix for
the calculation of the strain field created by pre-
formed austenite
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